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Abstract

Background Modern hip implants typically feature

modular heads, which allow for easy exchange and

removal from the femoral stem at the time of revision.

However, owing to fretting, corrosion, or cold welding, the

modular head may be difficult or impossible to separate

from the underlying trunnion, especially if the implant has

titanium interfaces between the head and the stem. We

have repeatedly encountered difficulty removing the tita-

nium sleeve adapter in the M2a-MagnumTM implant.

Although the manufacturer warns about this complication

and cases with these difficulties have been reported to the

United States FDA, we believed this topic is important to

study, because the frequency of difficulties in head removal

is unknown and the complications related to this event have

not been characterized.

Questions/purposes We asked: (1) Do revisions of M2a-

MagnumTM implants differ from those of M2a-38TM

implants in terms of ease of removal of the femoral head?

(2) In cases where difficulty with M2a-MagnumTM head

removal occurred, was the operative time, bleeding, risk of

periprosthetic fracture, or joint infection increased com-

pared with cases where the M2a-MagnumTM head was

removed without difficulties?

Methods Between 2004 and 2014, we revised 296 THAs

with metal-on-metal implants that involved M2a-Mag-

numTM (123) or M2a-38TM heads (88); of those, 84 were

planned to include a femoral stem revision and insufficient

data were available for three operations, so they were

excluded from this analysis, leaving 124 THAs in the

current retrospective study (70 THAs with M2a-Mag-

numTM and 54 THAs with M2a-38TM heads).The method

of modular head removal, any difficulties removing the

femoral head from the trunnion, operation time, and com-

plications were recorded based on chart review.

Results All the observed problems of detaching the head

or taper adapter were among M2a-MagnumTM heads; there

were no problems detaching the head in revisions of the

M2a-38TM implant. In 29% (20 of 70) of revisions of the

M2a-MagnumTM implant, the modular head could not be

detached by knocking it with a punch and a mallet.

Seventeen percent (12 of 70) of hips needed an unplanned
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stem revision owing to difficulties with head removal. In

revisions of the M2a-MagnumTM implant that experienced

head-removal problems, the median operative time was

longer (144 minutes; range, 75–274 minutes) and bleeding

was greater (725 mL; range, 300–2200 mL) compared with

revisions of the M2a-MagnumTM implant without head

removal problems (77 minutes, range, 33–197 minutes, p\
0.001; 475 mL, range, 50–1500 mL, p = 0.004). With the

numbers available, we did not see differences in terms of

the proportion of patients experiencing major complica-

tions (periprosthetic fracture or postoperative infections)

between the groups (difficult versus easy; 25% [five of 20]

versus 8% [four of 50]; odds ratio, 3.8 [95% CI, 0.9–16.2],

p = 0.067).

Conclusions The titanium–titanium taper junction can be

very difficult to separate during revision THAs, and if not

anticipated, this problem can result in larger and more

complicated revision procedures in patients who have the

M2a-MagnumTM implant. Although the global use of

metal-on-metal implants in THAs has decreased dramati-

cally during the last several years, many thousands remain

in service and therefore still might require revision. It is

crucial to be prepared with special tools, including a

femoral head extraction tool and diamond saw. The patient

has to be informed of the possibility of a more extensive

operation than preoperatively planned.

Level of Evidence Level III, therapeutic study.

Introduction

Adverse local tissue reaction, which may lead to early

failure of an implant, has been a concern for THAs with

metal-on-metal (MoM) implants [1, 8, 9]. The survival rate

of THAs with large-diameter MoM implants can be as low

as 51% at 6 years followup [11]. Although the national

guidelines in several countries recommend considering

carefully further use of MoM implants [6, 7, 12, 16, 19], a

large number of these THAs will be revised not only as a

result of adverse local tissue reaction, but also because of

dislocations, periprosthetic fractures, and infections.

Although THAs with MoM implants no longer are as

common as they once were [14], many of these implants

remain in service and may yet need revision surgery [2].

One MoM implant that has been in common use is the

M2a-MagnumTM (Biomet, Warsaw, IL, USA), which con-

sists of a monoblock, press-fit cup articulating with a

femoral head, both made of a high carbon-cobalt-chrome

molybdenum head. The femoral head is connected to a

neck with a modular taper adapter, which provides the

option to adjust the neck length. The stem and taper adapter

are made of a titanium, aluminum, and vanadium alloy

(Ti-6Al-4V) [4]. The M2a-38TM (Biomet), however, has a

solid, fixed 38-mm cobalt-chromium head and does not

contain a separate titanium taper adapter as the M2a-

MagnumTM does [5]. The M2a-38TM may be attached to the

same stems and tapers as the M2a-MagnumTM. In revision

THAs of MoM implants, exchange of the modular liner or

revision of the whole acetabular component combined with

exchange of the modular femoral head without removing

the stem is usually sufficient. Generally, the modular head

can be removed without problems by using a punch and a

mallet. However, owing to fretting, corrosion, and cold

welding, the modular head may be difficult or even

impossible to remove [13]. In this regard, the titanium-on-

titanium head-trunnion couple has been identified as a

source of difficulty by the manufacturer [3] and by the

FDA [17, 18].

In our practice, however, we repeatedly encountered

difficulty removing the titanium sleeve adapter with the

M2a-MagnumTM. This was not seen in other THA revisions

with MoM implants, including a similar design, the M2a-

38TM, from the same manufacturer. Although the manu-

facturer warns about this complication and cases with these

difficulties have been reported to the FDA, we believe this

topic is important to study because the frequency of diffi-

culties in head removal is unknown and the complications

related to this event have not been characterized.

Because the difficulties we have encountered with

removal of the femoral head and adapter sleeve appeared to

be unique to the M2a-MagnumTM, we asked the following:

(1) Do revisions of the M2a-MagnumTM implant differ

from those of the M2a-38TM in terms of ease of removal of

the femoral head? (2) In cases where difficulty with M2a-

MagnumTM head removal occurred, was the operation

time, bleeding, risk of periprosthetic fracture, or joint

infection increased compared with cases where the M2a-

MagnumTM head was removed without difficulties?

Materials and Methods

Study Design and Setting

Between April 2004 and January 2012, we performed 2326

revision THAs in two tertiary-level hospitals. Of those 296

(13%) were performed in THAs with MoM implants.

During that period, the most common indications for

revision were aseptic loosening, infection, dislocation,

periprosthetic fracture, and adverse local tissue reaction. Of

this group, we looked specifically at primary THAs with

MoM implants performed with a stem provided from one

manufacturer with a similar type of taper (Biomet, Type 1),

and either a M2a-MagnumTM or M2a-38TM modular head.
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After excluding three patients who had insufficient opera-

tion data and patients for whom an exchange of the femoral

stem or of both components was planned, 124 remained (70

who had the M2a-MagnumTM head and 54 who had the

M2a-38TM femoral head) for followup at a minimum of 1

year (median, 1.7 years; range, 1–8.7 years) (Table 1).

None of the patients had died or were lost to followup less

than 1 year after the revision surgery. The two groups

(M2a-MagnumTM and M2a-38TM) were essentially the

same in terms of age, sex, and BMI (Table 1). Information

regarding the preoperative plan of the revision, performed

revision, implants, operation date, perioperative bleeding,

and complications were recorded retrospectively from the

patient records. Preoperative serum chromium and cobalt

ion levels were available for 68% (84 of 124) of the

patients.

The primary outcome measure was our ability to remove

the femoral head. The method of modular head or adapter

removal was categorized into four groups: (1) a punch and

a mallet; (2) a special femoral head extractor tool (Fig. 1);

(3) a diamond saw cut; and (4) not removable. With a

diamond saw the head and adapter sleeve were cut almost

through (without damaging the trunnion), after which the

head could be removed by levering out with an osteotome

and punching the adapter sleeve with a mallet (Fig. 2).

The secondary outcome measures were operation time,

blood loss, and complications during the first year after

revision. Our secondary outcome variable on complications

evaluated the proportion of patients who experienced

periprosthetic infection or fracture. We considered infec-

tion potentially relevant, as the risk of infection may

increase as the surgical procedures get longer, and

periprosthetic fracture was considered because these revi-

sions may have entailed imparting more force to the

proximal femur while attempting to remove the femoral

head, or extended trochanteric osteotomy had to be per-

formed owing to an unremovable femoral head or severely

damaged trunnion. The infections diagnosis was based on

clinical suspicion of infection, and patients underwent

débridement during which several bacteria specimen were

taken from around the implant (deep specimens). The

periprosthetic infection diagnosis was confirmed if the

same bacteria were cultured in two or more specimens. We

believe that none of the measured outcome complications

was missed, because, at our institutions, we treat all

Table 1. Characteristics of patients who had revision of M2a-38TM

or M2a-MagnumTM implant

Variables Femoral head p

value*
M2a-38TM M2a-

MagnumTM

Hips, number 54 70

Age, years, mean (range) 64 (44–81) 64 (35–92) 0.95

Females, number (%) 32 (59) 48 (69) 0.28

BMI, kg/m2, mean (range) 28 (20–45) 29 (18–38) 0.27

Followup, years, median

(range)

1.5 (1.0–

6.3)

2.0 (1.0–8.7)

Stem model (all from Biomet, Warsaw, IN, USA)

Bimetric1 49 63

Taperloc1 1 2

Reach1 0 5

Mallory-Head1 3 0

Integral1 1 0

*Chi-square or or t-test.
Fig. 1 A jammed modular taper is removed with a special femoral

head extractor tool provided by the manufacturer (Biomet).

Fig. 2 A cold-welded M2a-MagnumTM modular taper (Biomet) is

removed by cutting it with a diamond saw.
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periprosthetic fractures, infections, or suspicion of infec-

tion in the region.

We compared the M2a-38TM group with 54 patients

versus the M2a-MagnumTM group with 70 patients. We

also compared THAs that had the M2a-MagnumTM implant

with easy-to-remove heads (50 patients) versus hard-to-

remove heads (20 patients). If the head was easy-to-re-

move, it was defined as ‘‘head removal, punch’’ and if

special instruments were used or the head could not be

removed, it was defined as ‘‘head removal, other’’.

Statistical Analysis

A chi-square test was used to compare sex distribution

between groups with the M2a-38TM and M2a-MagnumTM

femoral heads. The differences in age and BMI between

groups were analyzed with a two-sample t-test. The Mann-

Whitney U test was used to test the differences in operation

time, blood loss, and chromium and cobalt ion levels

between groups. Median differences with 95% CI were

calculated using Hodges-Lehmann estimates. Logistic

regression was used to compare complications between

groups. The results are expressed using odd ratios (OR)

with 95 CIs. A p value less than 0.05 was considered sta-

tistically significant. Statistical analyses were performed

using SAS1 System for Windows, Version 9.4 (SAS

Institute Inc, Cary, NC, USA).

Results

No difficulty was noted with head extraction in the M2a-

38TM group; all problems with detaching the head or taper

adapter from the stem were among M2a-MagnumTM heads.

In 71% (50 of 70) of revisions of the M2a-MagnumTM

implant there were no problems with head or adapter

removal. In 29% (20 of 70) of revisions of the M2a-Mag-

numTM implant, the modular head could not be detached by

knocking it with a punch and a mallet. Seventeen percent

(12 of 70) of the hips needed unplanned stem revision

owing to difficulties with the head removal (Table 2). Stem

revisions included one case in which the taper adapter was

successfully removed with an extraction tool, but the taper

was severely damaged, requiring a stem revision (Fig. 3).

The median preoperative chromium and cobalt ion level of

the cases with difficult head removal (ion levels available

in 80% [16 of 20] of cases) was 8.0 lg/L (range, 0.8–116.5

lg/L), and cases without difficulties (ion levels available in

65% [68 of 104] of cases) was 12.6 lg/L (range, 0.5–144.6

lg/L), respectively. The preoperative chromium and cobalt

ion levels were not associated with the method of head

removal (difficult versus easy; median difference, 1.6 [95%

CI, -7.9 to 9.9 lg/L], p = 0.53) (Fig 4).

In the M2a-MagnumTM group, the operation time and

amount of bleeding were greater for patients whose revi-

sions involved difficulty with head removal (Table 3). For

patients with the M2a-MagnumTM (n = 20) implant in

which head removal was difficult, the median operative

time was longer (144 minutes; range, 75–274 minutes) and

amount of bleeding was greater (725 mL; range, 300–2200

mL) than in patients with M2a-MagnumTM heads that were

more easily removed (operative time: 77 minutes, range,

Table 2. Comparison of M2a-38TM and M2a-MagnumTM groups.

Variable M2a-38TM

(n = 54)

M2a-

MagnumTM

(n = 70)

Head removal, number

Punch 54 50

Special extraction tool 0 7

Diamond saw 0 2

Not removable 0 11

Preoperatively planned operation,

number

Head exchange 0 11

Head exchange + acetabular revision 54 59

Performed operation, number

Head exchange 0 13

Head exchange + acetabular revision 54 43

Stem revision 0 2

Stem revision + acetabular revision 0 2

Acetabular revision + stem revision

requiring extended trochanteric

osteotomy

0 10

Fig. 3 Severe corrosion of the taper in a Taperloc1 stem (Biomet) is

shown.
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33–197 minutes, p \ 0.001; bleeding amount: 475 mL,

range, 50–1500 mL, p = 0.004; respectively) (Table 3). A

total of nine measured complications occurred in M2a-

MagnumTM groups with easy and hard removals during the

first year after revision, including six infections and three

periprosthetic fractures. With the numbers available, we

did not see differences in terms of the proportion of

patients experiencing major complications (periprosthetic

fracture or postoperative infections) between the groups

(difficult versus easy; 25% [five of 20] versus 8% [four of

50]; OR, 3.8, [95% CI, 0.9-16.2], p = 0.067).

Discussion

THAs with MoM implants have been used commonly, but

owing to concerns regarding premature failure, the number

of these implantations has decreased dramatically. How-

ever, many MoM implants remain in service, and the

Biomet MoM hip implant may have particular problems

with difficulties of removal of the modular head. Despite

the manufacturer’s concerns and the FDA cases, we

thought this topic was important to study because the fre-

quency of this event has not been characterized. We found

that the problem of head removal was identified only

among M2a-MagnumTM heads. In 29% (20 of 70) of hips

with M2a-MagnumTM implants, we had difficulties with

head removal, which increased operation time and amount

bleeding, and in 17% (12 of 70) of cases difficulties led to

unplanned stem revision.

A weakness of the current study was that evaluation of

removal of the heads and taper adapters was made

Table 3. Comparison of easy and hard head removals in the M2a-MagnumTM groups

Variable Easy removal

(n = 50)

Hard removal

(n = 20)

Median difference

(95% CI)

p value*

Head removal, number

Punch 50 0

Special extraction tool 0 7

Diamond saw 0 2

Not removable 0 11

Preoperatively planned operation, number

Head exchange 8 3

Head exchange + acetabular revision 42 17

Performed operation, number

Head exchange 12 1

Head exchange + acetabular revision 36 7

Stem revision 0 2

Stem revision + acetabular revision 2� 1

Acetabular revision + stem revision requiring extended

trochanteric osteotomy

0 9

Operation time, minutes, median, (range) 77 (33–197) 144 (75–274) 59

(95% CI 37–83)

\ 0.001

Intraoperative blood loss, mL, median (range) 475 (50–1500) 725 (300–2200) 251

(95% CI 100–300)

0.004

* Mann-Whitney U test; �revised owing to perioperative findings of chronic infection unrelated to head removal.

Fig. 4 The association of preoperative chromium and cobalt ion

levels, followup time, and method of head removal are shown. The

preoperative chromium and cobalt ion levels were not associated with

the method of head removal (difficult versus easy; median difference,

1.6, [95% CI, �7.9 to 9.9], p = 0.53). *Other = head removal with a

special extraction tool or a diamond saw cut, or the head was not

removable.
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retrospectively based on operative reports. However, the

cold-welding and the method of head extraction were

clearly described in the operative reports in general. For the

first head removals, we did not have a specific extraction

tool, and our knowledge of the risk of cold welding among

M2a-MagnumTM heads was limited. Therefore, it is pos-

sible that some of the stem revisions could have been

avoided in the M2a-MagnumTM group by using an

extraction tool or diamond saw. Nevertheless, if the diffi-

culties with head removal occur, the operation time, and

apparently bleeding, will increase, even if the femoral head

is able to be detached with an extraction tool or diamond

saw. In addition, we had to revise one stem with a severely

damaged taper, even though we were able to remove a

cold-welded femoral head. A final limitation is that we had

preoperative ion levels measured in only 68% of patients.

Therefore, we cannot reach a firm conclusion regarding the

role of ion levels, but the median ion levels were higher

among patients without head removal problems, which

suggests that the head-detaching problem is not associated

with high ion levels.

All the difficulties with head removal were among M2a-

MagnumTM heads. The size of the femoral head is different

between M2a-MagnumTM and M2a-38TM heads; the latter

has a fixed head size of 38 mm. The role of head size in

cold welding is unclear. To our knowledge, this specific

topic has not been considered by others, therefore we

cannot compare this finding with those of other studies.

Cold welding seems to be typical in titanium devices, such

as titanium plates and screws, but in THAs with MoM

implants, it remains unclear how much cold welding is

related to corrosion and chromium and cobalt ions release

from the bearing surfaces or the mechanical properties of

the taper. In the current study, the ion levels were not

associated with the problems of head removal. The prob-

lems of detaching the head were seen in the first revisions,

but we presume that the longer the time from implantation,

the greater the risk for difficulties in detaching the head.

The M2a-MagnumTM revisions in which we experienced

difficulties extracting the femoral head were longer and

involved more blood loss than the M2a-MagnumTM revi-

sions in which this problem was not experienced. As there

are no other published studies reporting on difficulties of

head removal except FDA case reports, we cannot compare

our results with those of other studies. In general, revisions

of MoM implants have a high risk for complications [15,

20]. In the current study, we compared revisions of MoM

implants (M2a-MagnumTM groups) in which the head could

be removed with or without problems. The risk for

periprosthetic fracture or joint infection was similar in both

groups, but the trend for complications was greater in

patients with difficult head removal (25%; five of 20)

compared with patients with no difficulties (8%; four of

50).

The titanium–titanium taper junction can be difficult to

separate during revision THA, and if not anticipated, this

problem can result in larger and more complicated revision

procedures in patients with the M2a-MagnumTM implant.

These unexpected difficulties may arise even if the primary

operation was performed recently (within 2 years) and even

if serum ion levels are low. The problems with head

removal increase the operation time and amount of

bleeding, and the surgeon should inform the patient of the

possibility of a more extensive operation than preopera-

tively planned, including extended trochanteric osteotomy

for stem revision. These technical problems also may arise

suddenly in emergency THA revisions for septic infections

and periprosthetic fractures. In revision procedures with the

M2a-MagnumTM implant, it is crucial to be prepared with

special tools, including a femoral head extraction tool

provided by the stem manufacturer and a diamond saw. We

also note that the use of a titanium sleeve over an existing

titanium trunnion is increasing [10]. Based on the results of

our study, we raise the concern that a titanium sleeve may

be cold-welded over a titanium stem, and removal of the

sleeve may be difficult in the case of rerevision. We rec-

ommend additional studies with sufficient followup before

the extensive use of titanium sleeves.
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